Inflammation plays an important role in the pathogenesis of coronary artery disease (CAD). Studies have reported that inflammatory cytokine interleukin-8 (IL-8) gene -251 A/T (rs4073) polymorphism is correlated with CAD susceptibility, but the result remains controversial. The objective of this study was to clarify the association between IL-8 gene -251 A/T polymorphism and CAD risk.
Background
Coronary artery disease (CAD), also known as coronary heart disease, is one of the leading causes of death worldwide. Its pathogenesis involves many risk factors including hypertension, diabetes, dyslipidemia. Several hypotheses have been proposed including inflammation hypothesis, immunological theory, etc. The inflammation mechanism in the initiation and development of CAD was once a research hotspot, and CAD was regarded as an inflammatory disease [1, 2] . However, the inflammation hypothesis of CAD's pathogenesis had not been validated until recently with the release of CANTOS (Antiinflammatory Therapy with Canakinumab for Atherosclerotic Disease) trial. As a landmark study, the CANTOS trial found that anti-inflammation therapy could improve prognosis of highrisk CAD patients significantly, thus validating the inflammation hypothesis of CAD for the first time [3, 4] .
The inflammatory cytokine interleukin-8 (IL-8), also known as CXCL8, plays an important role in the initiation, progression, and prognosis of atherosclerosis and CAD. Studies have reported high expression levels of IL-8 in human arterial atherosclerotic wall [5] ; and IL-8 can rapidly cause rolling monocytes to firmly adhere to endothelial monolayers expressing E-selectin [6] . On the other hand, clinical studies have observed that serum IL-8 concentrations are significantly elevated in CAD patients [7] and can predict cardiovascular events of CAD independent of other cytokines and high sensitivity C-reactive protein [8] .
The IL-8 gene is located in chromosome 4q13.3 and belongs to the superfamily of CXC chemokines. One single-nucleotide polymorphism (SNP) of IL-8 gene at position -251 A/T (rs4073) has been well-characterized and was known to influence the expression of IL-8 and susceptibility of several diseases including Alzheimer's disease [9] , cancer [10] , and periodontitis [11] . Vogiatzi et al. first reported that IL-8 gene -251 A/T polymorphism was associated with susceptibility to restenosis after PCI [12] . Thereafter, several other studies found that IL-8 gene -251 A/T polymorphism was associated with susceptibility of CAD, and that the -251 A allele may increase CAD risk [13] [14] [15] [16] . However, other studies reported no significant correlation between the IL-8 gene -251 A/T polymorphism and the risk of CAD [17] [18] [19] [20] [21] . Thus, the association between this SNP of the IL-8 gene and susceptibility of CAD is controversial.
A reliable method to resolve the contradictions between individual studies is meta-analysis. In order to comprehensively evaluate the correlation between the IL-8 gene -251 A/T (rs4073) polymorphism and the risk of CAD, we conducted a meta-analysis that included 4103 CAD patients and 4141 controls from 10 study populations.
Material and Methods

Literature search
All studies about the association between IL-8 gene -251 A/T polymorphism and CAD were identified by comprehensive computer-based searches of PubMed, EMBASE, Web of Science, Wan Fang database, VIP database, and China National Knowledge Infrastructure (CNKI). The keywords used for the literature search were combined: ("interleukin 8" OR "IL-8" OR "CXCL8") and ("coronary artery disease" OR "coronary heart disease" OR "CAD" OR "CHD" " OR "myocardial infarction" OR "acute coronary syndrome" OR "angina" OR "ischemic cardiovascular disease") and ("polymorphism" OR "single nucleotide polymorphism" OR "SNP" OR "mutation" OR "variation" OR "allele" OR "genotype" OR "rs4073" OR "251 A/T"). The literature language was limited to English and Chinese, and the last search was updated on November 20, 2018.
Inclusion criteria
The inclusion criteria for eligible studies were as follow: 1) studies evaluated the association between the IL-8 gene -251 A/T polymorphism and the risk of CAD.
2) The CAD diagnostic criteria were angiographically confirmed CAD or acute myocardial infarction (AMI) diagnosed with general standard criteria. 3) Studies were case-control or officially published cohort studies. 4) Studies had intact original data on genotype distribution and sufficient data to calculate an odds ratio (OR) with 95% confidence interval (CI).
Exclusion criteria
Studies were excluded as follows: repeated publications, when different studies reported the same or overlapping patients, only the latest or most complete was included; review articles; articles with insufficient information; studies about the association between the IL-8 gene other SNPs and CAD risk; unpublished studies or studies not in English or Chinese language; and studies in which CAD patients were further specially selected with traditional Chinese medicine (TCM) syndrome differentiation.
Data extraction
Two authors (Zhang and Gao) performed the data extraction independently. The following data were collected from all included studies: the first author's name, publication year, study population (ethnicity, sex, and age), number of genotypes, genotyping methods, allele frequency of cases and controls, diagnostic methods for cases and controls, and P value for HardyWeinberg equilibrium (HWE) in controls. The results were compared, and disagreements were settled by consensus.
If these 2 authors could not reach a consensus, the results were further reviewed by the third author (Huang).
Study quality assessment
The Newcastle-Ottawa Quality Assessment Scale (NOS) [22] was used to assess the quality of the included studies by 2 authors independently. The NOS uses a "star" rating system ranging between zero (worst) up to 9 stars (best) to judge the quality of observational studies. Any inconsistences about study quality judgement between the 2 authors were solved through discussion.
Statistical analysis
The statistical analysis was performed by using Review Manager 5.30 (Cochrane Collaboration, The Nordic Cochrane Centre, Copenhagen) and Stata 14.0 (STATA Corp., College Station, TX, USA). To measure the strengths of the genetic associations of the IL-8 gene -251 A/T polymorphism with the risk of CAD, the pooled odds ratios (ORs) and 95% confidence interval (CI) were calculated. A c 2 test was used to check whether the frequencies of the genotypes deviated from the HWE [23] in controls of each included study. Heterogeneity between studies was assessed by I 2 test, P<0.10 and I 2 >50% was considered existing significant heterogeneity [24] . If significant heterogeneity was observed, the Mantel-Haenszel test with random-effects model was used to evaluate the pooled ORs (95% CIs), otherwise, the Mantel-Haenszel test with fixed-effect model was used to calculate the pooled ORs (95% CIs) [25] . To further explore the effect of ethnicity on heterogeneity among the studies, subgroup analysis was performed based on different ethnicities (Chinese versus Caucasian). The potential publication bias was checked by using the Begg's funnel plot and Egger's test. Sensitivity analysis was conducted to observe the influence of any single study on the pooled ORs. Except for I 2 test for assessing heterogeneity, a 2-tailed P<0.05 was considered significant.
Results
Study characteristics
A total of 199 studies were initially identified according to the search criteria described. After screening titles and abstracts, 183 studies were discarded for being irrelevant. After fulltext assessment, 7 studies were further excluded for repetitive publications, comparison of different CAD types, improper diagnostic standard for CAD, or about other loci of IL-8 gene. Finally, 9 eligible studies were identified for overall data combination, but 1 of the studies [13] had 2 different populations, so a total of 10 populations with 4103 CAD cases and 4141 controls were included for data analysis in this meta-analysis.
The flow diagram of study selection process is shown in Figure 1 . HWE of genotype distribution in the controls was tested in all the included studies, and the distribution of genotypes in controls was not in HWE in 3 of the included studies. Of the 9 included studies, polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method was used to determine IL-8 gene -251 A/T genotypes in 5 studies, while the remaining 4 studies used allele-specific polymerase chain reaction (AS-PCR), matrix adsorbed laser desorption-ionization-time of flight (MALDI-TOF), tetra-primer amplification refractory mutation system-polymerase chain reaction (tetraprimer ARMS-PCR), and Sequenom MassARRAY to genotyping respectively. The characteristics and genotype frequencies of the included studies are presented in Tables 1 and 2 .
Meta-analysis results
Before calculating pooled ORs, a heterogeneity test was conducted, and heterogeneity was found in the allelic model PCR-RFLP -polymerase chain reaction-restriction fragment length polymorphism; AS-PCR -allele specific-polymerase chain reaction; MALDI-TOF -Matrix Adsorbed Laser Desorption-Ionisation-Time of Flight; ARMS-PCR -amplification refractory mutation systempolymerase chain reaction; CAC -coronary angiography-confirmed CAD; MI -myocardial infarction; FH -family history; LDL-C -lowdensity lipoprotein cholesterol; HDL-C -high-density lipoprotein cholesterol; TG -triglycerides; BMI -body mass index. * This study has two different populations, here we marked as population a and b. (Figures 2-6 ).
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Publication bias
The Begg's funnel plot and Egger's test [26] were used to evaluate publication bias of the included studies. No obvious asymmetry was found in funnel plots for all the genetic models ( Figure 7) 25, P=0.248) . These results demonstrated that there was no significant publication bias in the included studies, indicating the reliability of this meta-analysis.
Sensitivity analysis
To evaluate the influence of each study on the pooled ORs and to ensure no single study was completely responsible for the combined results, sensitivity analysis was conducted. The pooled ORs in all models were not significantly altered by omitting each of the individual studies (Table 3) , which indicated that the results of this meta-analysis were robust [27] . As shown in Table 2 , the genotype distribution in controls is not in HWE in 3 of the included studies [16, 20, 21] , this may influence the reliability of the study results. So to overcome this shortcoming, we recalculated the pooled ORs by excluding these 3 studies, and found that a significant association was still present in all dominant (OR 
Discussion
In the present meta-analysis, we included 9 studies (10 study populations) with a total of 4103 CAD patients and 4141 controls to assess the correlation between the IL-8 gene -251 A/T polymorphism and the risk of CAD. A significant association between -251 A/T polymorphism and CAD risk was found in dominant, recessive, allelic, homozygote, and heterozygote models, -251 A allele carrier has an increased risk of CAD. After subgrouping by ethnicity, the association between -251 A/T polymorphism and CAD risk was significant in all the genetic For publication bias evaluation, we first conducted funnel plot analysis, and found the funnel plots presented symmetrical shape in all the genetic models, indicating no obvious publication bias in this meta-analysis [28] . However, observing the symmetry of the funnel plot shape visually is subjective to some extent [29] , so we conducted the Begg's test [30] and the Egger's test [26] respectively to evaluate publication bias. Both the Egger's and the Begg's tests identified no significant publication bias in all recessive, dominant, allelic, homozygote, and heterozygote models. These results indicated that there is no significant publication bias in the included studies, suggesting our meta-analysis was reliable. Sensitivity analysis showed no single study was completely responsible for the combined results, and significant associations between this SNP and CAD risk were still present in all the genetic models after omitting the 3 studies in which the genotype distribution was not in HWE in controls, further demonstrating the stability and reliability of our meta-analysis.
CAD threatens people's health seriously worldwide, its pathogenesis involves many risk factors, such as genetic predisposition, dyslipidemia, hypertension, diabetes mellitus, but its exact mechanism has not been completely elucidated. The major pathological feature of CAD is atherosclerosis of coronary arteries. Over the past 10 years, the important role of inflammation in the pathogenesis of atherosclerotic cardiovascular diseases (ASCVD) aroused people's attention, atherosclerosis was once regarded as an inflammatory disease [1] . The newly released CANTOS trial found that canakinumab, a therapeutic monoclonal antibody targeting the inflammatory cytokine interleukin-1b (IL-1b), can significantly reduce recurrent cardiovascular events of CAD, validated the inflammatory hypothesis of CAD pathogenesis for the first time [2, 3] .
IL-8 as another important inflammatory mediator, its role in the pathogenesis of CAD has been extensively researched [5, 6, 8] . Several polymorphisms have been detected in the IL-8 gene, and a common SNP of IL-8 gene at -251 position (-251 A/T, or rs4073) of the promoter region has been well-characterized. Studies proved that the -251 A/T polymorphism of IL-8 can affect susceptibility of a large number of inflammatory diseases, as well as disease severity and clinical prognosis, including CAD. Several studies reported that -251 A allele of the IL-8 gene can increase CAD risk [13] [14] [15] , but negative results were also observed in other studies [17, 19, 21] . In order to overcome the result contradictories between different studies, we conducted this meta-analysis and found that the -251 A/T polymorphism of the IL-8 gene was significantly associated with CAD risk in the Chinese population, but not in the Caucasian population.
There are several possible metabolic and molecular mechanisms to explain the conclusion. This polymorphism has been associated with transcriptional activity of IL-8 gene, the -251 A allele was associated with its increased expression [31, 32] . Hull et al. reported that the -251 A allele increases IL-8 levels after stimulation with lipopolysaccharide (LPS) [33] . IL-8 is a powerful pro-inflammatory cytokine, and as aforementioned, CAD is an inflammatory disease, so it is reasonable to conclude that an This is the first meta-analysis assessing the association between the IL-8 gene -251 A/T polymorphism and the susceptibility of CAD. Inevitably, there are some limitations in our meta-analysis. First, the number of qualified studies was not large. Second, inclusion criteria were limited to articles published only in English and Chinese, this may have missed related non-English or non-Chinese literatures, resulting in the risk of bias [34] . Third, the genotype distribution in controls in 3 of the included studies was not in HWE, which may influence the reliability of the study results.
On the other hand, this meta-analysis has its distinct merits. First, a total number of 8244 subjects were recruited into the final pooled data analysis under our strict inclusion criteria. Second, the cases in all the included studies were angiographically confirmed CAD or MI patients, guaranteeing the diagnostic reliability of the cases. And the NOS quality scores of all the included studies were relatively high (6 or 5 score), indicating the original studies of this meta-analysis have a good quality [22] . Third, no significant publication bias was found in the included studies by both the Begg's and Egger's tests. Fourth, sensitivity analysis found no single study significantly influences the pooled ORs in all the genetic models, and, although as aforementioned, 3 of the included studies were not in HWE, we recalculated the pooled data after excluding these 3 studies and found significant associations were still present in all the genetic models, further confirming the reliability and stability of our results [27] . In addition, a subgroup analysis by ethnicity of study population was conducted, and the results showed a significant association between the IL-8 gene -251 A/T polymorphism and the risk of CAD in the Chinese population, but no significant association was found in the Caucasian population.
Conclusions
Our meta-analysis found that the IL-8 gene -251 A/T polymorphism was significantly associated with the risk of CAD in the Chinese population, individuals with the A allele of the IL-8 gene -251 A/T polymorphism had an increased risk of suffering from CAD. But this association was not found in the Caucasian population. This conclusion may be helpful for formulating individualized prevention and treatment strategies for CAD in the Chinese population in the future. However, in the light of the limitations of this meta-analysis, additional well-designed studies are needed to further verify the association of the IL-8 gene -251 A/T polymorphism with CAD risk.
